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Abstract — Fourier Transform Infrared Spectroscopy and in-situ Position Annihilation Lifetime Spectroscopy(PALS)
analysis of hybrid film, which consist of silsesquioxane(SSQ) and 4-terz-butyl calix[4]arene-O,0',0",0"'-tetraacetic acid
tetraethyl ester(CA[4]) have been investigated in order to understand initial formation of nanopore in the next genera-
tion porous low-k dielectrics(k < 2.0). SSQ/CA[4] can provide effective homogeneous thin film having porous struc-
ture. The porogen decomposition behavior were completely different in the two kinds of SSQ/CA[4] based hybrid film
(i.e. SSQ/CA[4] 10 and SSQ/CA[4] 20%). Relatively small pores(1.5 nm) come from dispersion of uni-molecular CA[4]
in the SSQ matrix have been generated at 300 °C, while mesopores(2.5~3.0 nm) induced from self assembled CA[4]
have been generated at 250 °C. It might be due to highly interconnected structure of SSQ/CA[4] 20% hybrid thin film
resulting in facile evacuating of decomposed fragment of CA[4] molecule.
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Fig. 1. Chemical & PM3-optimized structures of CA[4]. (a) Chemical structure of CA[4] R=CH,COOCH,CHj, (b) the front view of CA[4], (c) the
side view of CA[4], red spheres represent oxygen atoms, and gray spheres denote carbon atoms.
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Fig. 2. Temperature sweeped FT-IR spectra of (a) SSQ matrix film and (b) SSQ/CA[4] 30% hybrid film. D: -OH, @) aliphatic stretching, 3:

Si-CH;, @: Si-0-Si, ®: Si-OH, ©®: C=0.
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Fig. 3. Thermogravimetric analysis (TGA) graph for CA[4].
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250 °C7FA= CA[4] E=ZAo] 7}2& N C=071(®)E T
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231 9= BT I So] 9t is] /\]-a]-x] 7 A=Al Azl sSQ B
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Fig. 4. FE-SEM photographs of the cross section of (a) SSQ film, (b) SSQ/[CA[4] 30% porous film.
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I LRI ©F 350 °C7HA] CA[4] EZALE] TOHL 719] o]F
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SSQ MER AT} 9bA3] 9bAs] sk AR7EA] EEANL] s
Ak Ak, MER AT} FEsH] Adxiske 720t = SkE W,
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ukep QR whxivkel CA[4] EzAl0] QIF e v 7]eE 3
AANZIAL ek, AlzE wheke] dh o] RERAE #Esh] S8
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3-2. SSQ/CA[4] SIO|EE|= HHO| jn-sity PALS Y47

CA[4] E=2A00] SSQ HIEZA UellA] el =] vy a2 3
J3h= 27 HoPdElE in-situ A ElolA] T8 SlA A2 E )
o7 m-g AZ SSQ/CA[4] 10%(EZANS] & ExA g b} SSQ/
CA[4] 20%(AF7} 5% F2412] nlo] Al F-xil Al slo]He]=

uhuks FHIEIQICE. 0] 5 PALS chambertollA] 13- Sfellr] 525
HA CA[4] E2AS EaA]17]HA PALS 245 S350t} Table
1F+ 2 SSQ/CA[4] 10%S} SSQ/CA[4] 20%¢]] thet o]z 71+] 73}
25/ @AM Q] Ps lifetime(t)d} Ps Al7] A¥E Hodg=al Q)
E}, 37121 9] Ps lifetime(t;, T,, T;) 0= extended Tao-Eldrup model]l
data fittingS 3IITE ARFA © & Py lifetimeo] AW A4S 1Uyy)
8] A7V7F Avks A vEbdih o, 715-0] 71 2.5 ns H
9] 12 ~0.6 nm, 6~10 ns J=2] 1, 1 nmE HERIH o] SSQ
wEZ A AN 7R 3L Q= AT free volumeod] 71918 o]t

T I
1.00um

Table 1. PALS results using full spectrum fitting for CA[4]-10%-250 °C hybrid film. The spectrum fit is for a beam energy of 5.1 keV unless

otherwise stated

Annealing Temp ('C) 1, (ns) 1, (%) T @) 1,(%) % (ns) I (%) Ll (%) 1, (%)

20 2.6 149 6.4 7.8 / / 1.0 23.7

250/ 5 min 2.7 129 6.8 10.8 / / 22 259
300/ 5 min 1.8 8.1 5.5 159 16.7 2.1 23 284
340/ 5 min 1.5 6.6 6.2 12.1 14.7 10.8 2.7 322

380 /5 min 2.4 6.6 8.4 14.2 16.9 7.9 2.5 31.2
420/ 5 min ~2.0 ~5.0 6.2 12.3 14.0 14.2 3.0 34.5
420/ 1 hr 1.7 6.0 7.7 14.5 15.5 12.2 3.0 35.7
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Table 2. PALS results using full spectrum fitting for CA[4]-20%-250 °C hybrid film. The spectrum fit is for a beam energy of 5.1 keV unless

otherwise stated

Annealing Temp (°C) 1, (ns) I, (%) T, (n5) 1, (%) T3 (15) L) 1y () Pk () 1, (%)
20 2.6 15.7 6.1 6.0 / / 0.3 / 22
250/ 5 min 2.5 8.8 6.4 7.5 344 5.0 6.1 55 274
300 /5 min 2.6 7.6 6.5 7.5 31.1 7.3 7.0 49 294
340/ 5 min 3.0 7.0 10.1 83 349 9.0 6.9 43 31.2
380 /5 min 2.8 5.4 10.3 10.5 32.0 9.8 8.3 46 34
420/ 5 min 2.8 5.7 10.9 11.3 34.6 10.0 8.2 45 352
420/ 1 hr 2.6 5.6 10.4 11.0 33.8 11.1 8.6 44 36.3

16 ns %520 1= WHEARE CA[4] E2A400) 2J8lo] A H v 71%
of 2Jgk 210 % °F 1.5 nm J=9] 7155 HERH 30~35 ns®] 7-9-¢ll
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0] s dofid W ERAC] R 420 °C, S ool e
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Fig. 5. The evolution of pore size distribution for SSQ/CA[4] 10% with
annealing temperature/time by using in-situ PALS CONTIN
analysis.
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